ABSTRACT The microviscosity and fluidity of erythrocyte ghost membranes from lead workers and control subjects was measured by fluorescence polarisation using the fluorophore, 1,6-diphenyl-1,3,5-hexatriene (DPH). Increased blood lead was associated with a significant decrease in the average microviscosity of resealed and unsealed erythrocyte membranes. Since DPH fluorescence reflects the organisation of lipids in the central core of the membrane, two aspects of phospholipid metabolism were investigated. Phospholipids were extracted from red blood cell ghost membranes and identified by high performance liquid chromatography. The ratio of phosphatidyl choline to phosphatidyl ethanolamine, an established correlate of membrane fluidity, was significantly increased in lead workers. This is attributed to the known increases in red blood cell cholesterol in lead workers and the structural incompatibility of phosphatidyl ethanolamine and cholesterol, which result in a compensatory increase of phosphatidyl choline. Erythrocyte ghost membranes from control subjects were resealed with the intermediates in phospholipid synthesis that increase with a lead inhibited decrease in red blood cell pyrimidine 5'-nucleotidase. Membrane fluidity was not modified by incubation with cytidine triphosphate, uridine triphosphate, cytidine diphosphate choline, or cytidine diphosphate ethanolamine. Alterations in the microviscosity of the lipid regions of the hydrophobic core of the erythrocyte membrane bilayer and in the phospholipid composition of the membrane may be defects which contribute to the clinical and biochemical instability of the red blood cell on exposure to lead.
Mechanisms that produce shortened red blood cell (RBC) survival, increased shear viscosity, and a decrease of osmotic fragility in erythrocytes from lead workers are incompletely defined. Fukumoto et al found that lead modifies the percentage of globular proteins that affect membrane ion transport or fluidity.' Conformational changes in the proteins of the RBC membrane believed responsible for sodium/potassium ATPase function were reported by Selhi et al. 2 Using erythrocyte membranes and electron spin resonance with a 16-doxyl-stearate label to probe the inner core of the RBC membrane, Valentino et al found a decrease in membrane fluidity associated with exposure to lead and attributed this to changes in membrane protein or to the increased cholesterol. 3 The present study of the effects of lead exposure on RBC membrane used 1,6-diphenyl-1,3,5-hexatriene (DPH) fluorescence as a primary index of alterations Accepted 9 March 1987 in membrane lipids of the central core and protein content (r2 = 0-09) was consistent with the significantly lower (p < 0-0001) ap of PbW than C, independent of protein concentration. There was no change in the microviscosity of haemoglobin free RBC ghosts from control subjects after one hour or 24 hours incubation with adenosine triphosphate (ATP) or with ATP plus the pyrimidine nucleotides and their esters at concentrations found in the RBC of a subject with 15% of normal activity of pyrimidine 5'-nucleotidase.6
Since an increased RBC cholesterol:phospholipid ratio has been repeatedly established as typical of lead exposure,3 we were primarily interested in the effect of PbB on the concentrations and ratio of the major phospholipids of the RBC membranes. In replicate HPLC assays of RBC membrane phospholipid there was a significant increase (p < 0-0001) in the phos- In this study membrane fluidity was examined through the technique of fluorescence polarisation. Fluorophores such as DPH, which are immobilised in the hydrophobic core of a membrane and excited by polarised light, will emit fluorescence that may be interpreted through the ap [r -r] 1, (see fluorescence polarisation under methods). The greater the value of this parameter, the higher the apparent "microviscosity" of the environment. The present studies were undertaken to characterise the Table 3 Phospholipid ratios ofred blood cell ghosts Membrane fluidity as determined by fluorescence polarisation is distinct from assessment by electron spin resonance (ESR), nuclear magnetic resonance, and other techniques, which better define the interactions of lipids with aqueous components, other lipids and proteins, the rotational and lateral mobility of proteins, and the effects of divalent cations. 13 Valentino et al found a modest decrease in the fluidity of RBC from PbW when measured by ESR with 5 doxyl-stearate (5NS) and 16 doxyl-stearate (16NS). 3 There was a greater increase in viscosity of the inner core (16NS) than the outer layer but no significant direct correlation with PbB which ranged from 2-5 to 3 9 pM, considerably higher than that of our subjects. Fiorini etal found an effect on the ESR of 16 NS in liposomes incubated with 2-85-11 5 pM Pb+ +.14 The effect of high concentrations of in vitro Pb+ + on ESR viscosity is attributed to an increase in charge density of the central core and intramembranous aggregation of membrane bound proteins.
Decreases in microviscosity as measured by the fluorescence polarisation of DPH are primarily related to cholesterol depletion, to the length and unsaturation of the fatty acid ester chains in phospholipids, and to increases in the relative amount of phosphatidylcholine expressed either as the PC:PS ratio9 or the PC:PE ratio. 7 Given the characteristics of DPH fluoresence as an index of fluidity, we propose that the increase in PC and the direct correlation of a decrease in DPH viscosity with PbB relate to the well established increase of RBC cholesterol in PbW.3 Both PE and cholesterol have truncated cone shapes that are structurally incompatible. '5 This results in a preferential association with PC in PC-PE cholesterol mixtures and is why high amounts of PE and cholesterol do not occur in the same membrane.'3 A similar association of high PC and cholesterol is found in the RBC membranes of lecithin:cholesterol acyl transferase deficiency and in hereditary haemolytic anaemia with high red cell membrane phosphatidyl choline. '6 Decreased microviscosity as measured by DPH does not contradict the increased macroviscosity of the RBC in PbW. It is an index of alterations in the rotational mobility of lipids in the central hydrophobic core of the bilayer that may well contribute to Cook, Stohs, Angle, Hickman, Maxell the haemolytic effects of lead exposure. 
